ABSTRACT: The role of the bacterial community in the annual benthic metabolism of Roscoff Aber Bay, France, was estimated during low tide at 2 sampling sites of different trophic status, located at either end of a strong environmental gradient. The benthic gross primary production (GPP) and community respiration (BCR) were assessed in situ over 1 yr with a benthic chamber; simultaneously, bacterial production (BP) was estimated by radiotracer incorporation in slurries. BP appeared to be significantly controlled by temperature during low tide. On an annual scale, microphytobenthos gross primary production (GPP a ), bacterial production (BP a ), meiofauna production (MeP a ), macrofauna production (MaP a ) and benthic community respiration (BCR a ) were estimated. While the estimated annual processes were generally higher at the muddy station, our results indicated that (1) the contribution of BP a to the annual benthic community production (CP a = BP a + MeP a + MaP a ) increased with increasing grain size, and (2) the bacterial community can modulate its growth efficiency (BGE a ) when exposed to an environmental gradient: in intertidal sediments, the production of new cells is enhanced when the organic matter concentration is lower, sustaining the development of the community on the annual scale. This behaviour was inferred to be the predominant factor affecting the trophic state of the system.
INTRODUCTION
In aquatic ecosystems, organic carbon is mainly processed by bacterial communities (Cole 1999) . The carbon processed can be distributed either into the anabolic (i.e. transformed into particulate carbon by the bacterial production, BP) or the catabolic pathway (i.e. re-mineralized by the bacterial respiration, BR). The relative magnitudes of BR and BP are controlled by the bacterial growth efficiency (BGE = [BP/BP + BR]), which represents the fraction of assimilated organic carbon that supports bacterial growth and, therefore, is immediately available to higher trophic levels (del Giorgio & Cole 1998) . Over the past decades, the simultaneous measurements of these 2 processes have been of increasing interest, improving our understanding of the carbon cycle in aquatic ecosystems (Jahnke & Craven 1995 , del Giorgio & Williams 2005 , but to date very few studies have dealt with accurate estimations of BR rates. While there is still no consensus on what primarily drives the great BGE variability (Roland & Cole 1999) , it is now well accepted that even if the BGE is variable, the respiration is generally higher than the production (i.e. BGE ranges from 15 to 30% in a wide range of aquatic ecosystems, del Giorgio & Cole 1998 . BGE is thus very low in marine ecosystems (< 30%, including estuaries).
This topic has been well studied in pelagic ecosystems (del Giorgio & Cole 2000) . However, although the ecology of micro-benthos has been studied over a number of decades (Fenchel 1978) , BGE has been comparatively seldom studied in benthic ecosystems, particularly in intertidal ecosystems, which play an important role in the production and re-mineralization of organic matter. Indeed, relatively little is known about BP in marine sediments (Sander & Kalff 1993) , and even less is known about BR rates. In intertidal soft sediments, primary production is (1) generally very important because the sediments are characterized by long emersion periods and high irradiance levels, and (2) dominated by benthic microalgae (McIntyre et al. 1996) . Moreover, bacterial production and re-mineralization represent the main fate of the primary production in these ecosystems (Ducklow 1999 , Middelburg et al. 2000 .
In the present study, benthic gross primary production (GPP) and benthic community respiration (BCR) were measured in situ on emersed soft sediments within a benthic chamber in a macrotidal temperate bay. These measurements were simultaneously assessed with benthic BP, biomass (BB) and chlorophyll a (chl a) concentration. The aim of this study was to (1) assess the temporal variability of the benthic primary and bacterial production, and (2) study and compare the annual benthic primary production and BGE in 2 contrasted intertidal sediments located at either end of a strong environmental gradient.
MATERIALS AND METHODS
Sampling area. Roscoff Aber Bay, France ( Fig. 1 ; 2 km long, 1 km wide) is entirely located above midtide level (Chauris 1988) . Two sampling sites were studied during low tide from March 2005 to February 2006: the 'river station' (Stn A: 48°42.82' N, 4°00.05' W) located at the river entrance, and the 'Roch Kroum station ' (Stn C: 48°43.44' N, 3°59.77' W) . Stn A was characterized by very fine sand sediments (median grain size = 132 ± 54 μm), and Stn C by medium sand sediment (251 ± 10 μm).
Chl a concentration. The top 2 mm of sediment were sampled during emersion (triplicates with a 1.6 cm inner diameter cut-off syringe). Samples were then stored in a cool box until their return to the laboratory and stored at -20°C until analysis. Sediment cores were defrosted in the dark, and chl a extraction was performed with 90% acetone (Strickland & Parsons 1972) . All samples were centrifuged (800 × g, 3 min). Supernatants were removed and chl a concentration was measured by fluorimetry (Yentsch & Menzel 1963 ). Chl a concentration was then calculated according to Lorenzen (1966) .
Bacterial biomass. BB was estimated from 1.6 cm inner diameter (1 cm depth) cores collected with a cut-off alcohol-cleaned syringe (triplicates) during low tide. Samples were immediately fixed in 20 ml boratebuffered 0.2 μm pre-filtered formalin (3% final concentration). Bacterial communities were then extracted from sediment by addition of 150 μl Tween 80 (Chevaldonné & Godfroy 1997), followed by sonication (35 kHz, 5 min) and centrifugation (1750 × g, 10 min, 4°C). Samples were stained with DAPI (2 μg ml -1 ) for 15 min (Porter & Feig 1980) and counted by epifluorescence microscopy. Carbon biomass was estimated assuming 20 fg C cell -1 (Lee & Fuhrman 1987 , Cho & Azam 1990 , Delmas et al. 1992 , Raghukumar et al. 2001 .
Gross primary production and benthic community respiration. Benthic metabolism was regularly measured from March 2005 to February 2006 in situ during low tide within a benthic chamber (Migné et al. 2002) . Briefly, a 0.071 m 2 sediment area was enclosed using a Perspex dome fitted onto a stainless-steel ring and pushed into the emersed sediment to about 10 cm depth. The benthic chamber was connected to a closed circuit of CO 2 analysis. Gas exchange was monitored with an infrared CO 2 gas analyzer (LiCor Li 800) at the air-sediment interface. Partial pressure of CO 2 was then regressed against time, from recorded data of both light and dark incubation. Results were expressed in carbon units for the bulk benthic community (mg C m -2 h -1 ). Benthic GPP was then calculated from benthic net primary production (NPP) and BCR measurements (GPP = NPP + BCR). Incident photosynthetically active radiation (400 to 700 nm, PAR in μmol quanta m -2 s -1 ) was also measured inside the benthic chamber with a LiCor quantum sensor. Data were recorded with a data logger (LiCor Li-1400) with a 30 s logging frequency. Light and dark incubations were assessed between 20 and 90 min, depending on the response of the sediment, in order to encompass the buffering effect of the carbonate system in the pore water of the sediment.
Bacterial production. Bacterial carbon production was estimated by [methyl- ) incorporation rate (Fuhrman & Azam 1982) . Sediment cores (triplicates with a 1.6 cm inner diameter cut-off syringe, 1 cm depth) were sampled (March 2005 to February 2006 during emersion at the end of the benthic chamber incubation period. Sediment slurries were incubated with [methyl-3 H] thymidine (final concentration 300 nM) for 20 min. The appropriate concentration (Moriarty 1986 ) and the linearity of the incorporation over time were verified in preliminary experiments for each type of sediment. The samples were then filtered (0.2 μm) and rinsed with 80% ethanol and 5% trichloroacetic acid (TCA). The filters were mixed with 5 ml 0.5 M HCl and incubated at 95°C for 16 h (Garet & Moriarty 1996) . The supernatant was cooled and mixed with 3 ml of the scintillation cocktail Ultima Gold MV. Bacterial production was calculated assuming 2 × 10 18 cells mol -1 incorporated thymidine (Moriarty 1986 , Bell 1993 and 20 fg C cell -1 (Lee & Fuhrman 1987 , Cho & Azam 1990 , Delmas et al. 1992 , Raghukumar et al. 2001 . Daily BP was simply estimated by integrating BP data over 24 h.
Temperature influence. The influence of sediment temperature on benthic BP was tested with an exponential curve (Arrhenius plot) according to Hancke & Glud (2004) using the SPSS Systat 9 software:
where BP is expressed in mg C m -2 h -1
, A i is a preexponential factor, E ai was the community response of BP to temperature (apparent activation energy, J mol ) and T the sediment temperature (K). Q 10 values were calculated from the non-linear regressions of Eq. (1) using the ratio between BP at T and BP at T + 10 K:
Temperature was also artificially modified in the laboratory and its influence on benthic BP tested. Because BP plotted against temperature expresses a classical metabolic-temperature response (i.e. an increase in GPP until temperature reaches an optimum, followed by a decrease), a short-term temperature-influence model (Blanchard et al. 1996 , cardinal temperature model) was fitted to BP at this sampling site using Statsoft Statistica version 6.1.:
where BP max represents maximum BP, T is temperature (°C), T opt is optimal temperature (i.e. corresponding to the maximum BP), T max is the maximum temperature that is tolerated by the bacterial community (i.e. beyond T opt , BP decreases and reaches zero at T max ), and β is a dimensionless adjustment parameter. The following cardinal temperature criteria were used for categorization: psychrophiles T opt ≤ 15°C and T max ≤ 35°C, psychrotrophs T opt ≤ 25°C and T max ≤ 35°C, and mesophiles T opt ≈ 25 to 40°C and T max ≈ 35 to 45°C (Isaksen & Jørgensen 1996 , Hancke & Glud 2004 . Annual gross primary production. The determination of annual benthic gross primary production (GPP a ) is detailed elsewhere (Migné et al. 2004 , Spilmont et al. 2006 . Briefly, the relationship between GPP and light intensity was established at Stn A from field measurements made within the benthic chamber in a previous study . NPP was measured in ambient light from sunrise to saturating light, and BCR was measured in darkness. GPP was calculated from NPP and BCR measurements and plotted against light intensity. Photosynthetic parameters (GPP max and the saturation onset parameter I k ) were estimated by fitting the data with the mathematical model of Webb et al. (1974) :
where GPP is expressed in mg C m -2 h -1 , GPP max is the rate of maximum GPP, and I is the incident light intensity (μmol quanta m -2 s -1
). Each photosynthetic parameter (GPP max and I k ) was plotted against time (d) and fitted with a sinusoidal curve. The fitted curves were used to express daily GPP max as a function of irradiance. GPP a was then estimated by taking into consideration (1) the fact that GPP was light-limited during high tide and restricted to the emersion period, and (2) the day/ night cycle. The irradiance was measured every 1 min and recorded every 15 min at a station close to the study site.
Annual macrofauna and meiofauna secondary production. The secondary production of meiofauna and macrofauna was estimated from biomass measurements made regularly between February 2003 and February 2004 at Stns A and C . For meiofauna, secondary production was estimated using a production-to-biomass ratio (P:B ratio) that ranged from 9 to 15 yr -1 (Gerlach 1971 , Raffaelli & Hawkins 1999 . Similarly, for macrofauna, secondary production was estimated using a P:B ratio that ranged from 0.5 to 3 yr -1 (Koop & Griffiths 1982 , Raffaelli & Hawkins 1999 ) and a conversion factor of 0.4 g C g -1 ash-free dry weight (AFDW) (Steele 1974) .
Annual bacterial growth efficiency. The annual bacterial growth efficiency (BGE a ) would represent the amount of bacterial biomass synthesized in 1 yr per unit of substrate processed (BGE a = BP a /BCD a ; del Giorgio & Cole 1998 . BCD a represents the annual bacterial carbon demand (BCD a = BP a + BR a ), and BP a and BR a represent the annual bacterial production and respiration, respectively. The latter parameter was not measured in the present study. The BGE a was thus initially calculated by assuming that the respiration of the bacterial component (BR a ) represented 0% of the annual benthic community respiration (BCR a , measured in the benthic chamber and including both auto-and heterotrophic respiration). This percentage was increased gradually to 100%, and BGE a calculated with each incremental increase (10% each time). The BGE a of the 2 sampling sites were then compared.
RESULTS

Chl a concentration and bacterial biomass
Chl a ranged from 37 to 83 and from 18 to 39 mg chl a m -2 at Stns A and C, respectively (Fig. 2) . Statistical analysis revealed significant differences in chl a between sampling sites (Mann-Whitney U-test, p < 0.01). Chl a concentration was higher at Stn A (67 ± 16 mg chl a m -2 ) than at Stn C (25 ± 7 mg chl a m -2 ). BB ranged from 10 to 49 and 5 to 21 mg C m -2 at Stns A and C, respectively (Fig. 2) . Biomass values measured in this study were similar to those previously reported for Roscoff Aber Bay , and were within the range of the values reported in the literature for intertidal mud-and sandflats (Lucas et al. 1996 , Epstein 1997 , Goñi-Urriza et al. 1999 , Böttcher et al. 2000 , Danovaro et al. 2001 . At Stns A and C, both chl a and BB showed seasonal variation, but neither were coupled to primary production or BP (Pearson's correlation, p > 0.05).
Benthic metabolism
On average, BCR rates were significantly different between Stns A and C (Mann-Whitney U-test, p < 0.01) and ranged from 1 to 9 and 0 to 3 mg C m -2 h -1 at Stns A and C, respectively. BCR (mg C m -2 h -1
) exhibited a seasonal pattern (Fig. 3) and was fitted with a sinusoidal curve using Systat 9:
Stn A: BCR = 3.687 -2.608 sin [(2π/365) ) also exhibited a seasonal pattern (Fig. 3) and was fitted with a sinusoidal curve ). GPP also exhibited a seasonal pattern (Fig. 3) . However, GPP data were not fitted with a sinusoidal curve since the non-linear regression was not further used. On average, GPP rates were also significantly different between Stns A and C (MannWhitney U-test, p < 0.01) and ranged from 11 to 33 and 5 to 12 mg C m -2 h -1 at Stns A and C, respectively.
Temperature influence
The effect of in situ sediment temperature on BP was tested at Stns A and C with an exponential curve. At these stations, temperature appeared to significantly control BP (Fig. 4a,c) : temperature coefficients (Q 10 ) indicated an increase in BP rates for a 10°C rise in temperature (Table 1) . Moreover, in May 2005, BP was measured in the laboratory under an increasing temperature gradient (5, 11, 16, 22, 27 and 32°C) in order to evaluate the effect of an excessive temperature increase on BP (Fig. 4b,d ). When plotted against T°C, BP exhibited a classical metabolic-temperature response at Stn A (i.e. an increase in BP up until an optimal T°C, followed by a decrease). The effect of the temperature increase on BP was thus tested with a cardinal temperature model. The optimal temperature for BP at Stn A was 27.4°C. It was not possible to fit the cardinal temperature model at Stn C.
Annual production
The day-to-day variation in GPP was calculated from in situ measurements made previously at the same sampling sites . GPP a was determined from the GPP of each day of the year. The GPP a was higher at Stn A (28.8 g C m -2 yr -1 ) than at Stn C (6.7 g C m -2 yr -1
). The day-to-day variations in BCR and BP were estimated by simply multiplying the values of the sinusoidal curves fitted on the hourly rates by 24 h (Fig. 3) . BCR a and BP a were calculated as described above for GPP a . The BCR a followed the sedimentary gradient, being higher at Stn A (51.3 g C m ). For meiofauna, the average biomass was 1.99 ± 0.42 and 0.47 ± 0.24 g C m -2 at Stns A and C, respectively. Depending on the P:B ratio utilized, the annual meiofauna production (MeP a ) thus varied between 17.9 and 29.8 and between 4.3 and 7.1 g C m -2 yr -1 at Stns A and C, respectively. Similarly, for macrofauna, average biomass was 18.61 ± 6.13 and 1.57 ± : coefficient of determination; n: no. of couple values (n); Q 10 : metabolism response to a 10°C rise in temperature; ***p < 0.001; **p < 0.01 0.72 g AFDW m -2 at Stns A and C, respectively. Consequently, the annual macrofauna production (MaP a ) varied between 3.7 and 22.3 and between 0.3 and 1.9 g C m -2 yr -1 at Stns A and C, respectively. These rates are summarized in Table 2 . The total benthic community production (CP a = MaP a + MeP a + BP a ) and the annual community growth efficiency (CGE a = CP a /[CP a + BCR a ]) were calculated. BP represented between 26 and 46% (average 36%) and between 53 and 69% (average 61%) of the CP a at Stns A and C, respectively. CGE a represented the distribution of carbon into anabolic and catabolic pathways at the community level, and ranged from 44 to 58% (average 51%) and 77 to 82% (average 79%) at Stns A and C, respectively. Fig. 5 represents BGE a calculated from BP a measurements and incremental increases (from 0 to 100%) in BCR a . Mean BGE a was 0.49 ± 0.21 and 0.83 ± 0.09 at Stns A and C, respectively. Using a more realistic bracket (from 20 to 80% of the BCR a ), mean BGE a represented 0.44 ± 0.11 and 0.83 ± 0.06 at Stns A and C, respectively. At both sampling sites, the BGE a decreased with increasing BR a (Fig. 5) . For each increment, the BGE a calculated at Stn C was always higher than that at Stn A (except when BR a represented 0% of BCR a ). Table 2 . Annual production of the main autotrophic and heterotrophic benthic compartments. Annual gross primary production (GPP a ), annual benthic community respiration (BCR a ), and annual net ecosystem production (NEP a = GPP a -BCR a ) were calculated from . Annual macrofauna production (MaP a ) and annual meiofauna production (MeP a ) were calculated from . Annual bacterial production (BP a ) was calculated from measurements of this study. Total benthic community production (CP a = MaP a + MeP a + BP a ) and annual community growth efficiency (in %; CGE a = CP a /[CP a + BCR a ]) were also calculated. All production and respiration rates expressed in g C m -2 yr 
Bacterial growth efficiency
DISCUSSION
Temperature influence
Temperature is recognized to have a significant effect on microbial production in marine habitats. The effect of temperature fluctuation on primary production -particularly on exposed tidal flats -is largely recognized (Admiraal 1977 , Rasmussen et al. 1983 , Blanchard et al. 1996 , Hancke & Glud 2004 . In Roscoff Aber Bay, GPP showed lower-end mesophilic temperature response curves at Stn A . also showed that GPP was significantly controlled by temperature at Stn C. At these stations, a rise of 10°C would increase the GPP 1.6 and 1.4 times, respectively. Moreover, BP is also known to be significantly controlled by temperature changes (White et al. 1991) : accounting for changes in temperature generally increases the proportion of variation in BP that can be explained (Cammen 1991 , White et al. 1991 , Sander & Kalff 1993 .
In the present study, BP was significantly linked to in situ sediment temperature (Q 10 = 2.0 and 3.8 at Stns A and C, respectively). Moreover, under experimental conditions, BP showed lower-end mesophilic temperature response curves at Stn A (where T opt = 27.4°C). This indicated that bacterial communities were probably growing best at moderate temperatures and that maximum BP occurred when temperature was close to the summer values. It also appeared that the relation between metabolism and temperature is described more correctly by the cardinal temperature criteria (rather than by an ongoing exponential increase). It is probably the best way to quantify the short-term temperature effect on benthic metabolism. This was previously observed for GPP rates in Roscoff Aber Bay ) and in similar environments (Blanchard et al. 1996) . However, even though the T opt recorded in the present study (in May 2005) is probably not representative of the entire year, it indicated that bacterial communities are well adapted to their environment, particularly to temperature changes.
In May 2005, BP rates were relatively lower at Stn C than at Stn A and, when compared with their magnitude, highly variable. Thus, even if the optimum was located within the observed range of temperature, it would be difficult to fit the cardinal temperature model properly. However, on an annual scale, it is apparent that BP was closely linked to temperature at both stations. At this scale, fitting a sinusoidal curve to BP would indicate the percentage of the variability explained by a curve that simulates the seasonal variation in temperature (in this study, 89 and 85% at Stns A and C, respectively). The remaining variability could probably be explained by (1) the daily variation in temperature owing to the day/night and the tidal cycle, and (2) the daily variation in substrate concentration.
Microbial production along a granulometric gradient
It is recognized that substrate concentration and temperature interact in all bacterial populations, and that this interaction is limiting for heterotrophic BP (Pomeroy & Wiebe 2001) . In the present study, the BP (mean ± SD = 53.8 ± 29.8 and 28.1 ± 29.6 mg C m -2 d -1
at Stns A and C, respectively) and specific growth rate (BP:BB ratio, mean ± SD = 2.0 ± 1.3 and 2.2 ± 1.5 d -1 at Stns A and C, respectively) were in the same range as BP and specific growth rates reported in the literature (Fig. 2) , BP was always less important than the GPP. The BP:GPP ratio was similar at the 2 sampling sites and represented on average 12 ± 4% at Stn A and 14 ± 14% at Stn C. In a wide variety of sites in the open ocean, BP has been reported to be usually 10 to 20% of the corresponding primary production (Cole et al. 1988 , Ducklow 1999 . The ratio was thus within the range previously reported; however, the variability at Stn C was very marked.
Intertidal soft sediments are highly productive, and benthic microalgae generally dominate the primary production in muddy and sandy sediments (McIntyre et al. 1996) . According to , microalgae production represents 88% of the annual primary production in Roscoff Aber Bay. The first objective of this study was to compare the BP, GPP, and BCR at either end of a granulometric gradient. Preliminary experiments demonstrated that this environmental gradient strongly constrained the dynamics of benthic macrofauna, meiofauna and bacterial communities; however, the activity of benthic organisms (particularly GPP) appeared to be controlled by seasonal temperature variation rather than by this gradient . In the present study, BP did not differ significantly between Stns A and C (Mann-Whitney U-test, p > 0.05), whereas both primary production and community respiration differed significantly between these sampling sites (Mann-Whitney U-test, p < 0.01). This is surprising because average organic matter content (loss of weight on ignition at 600°C) at Stns A and C was 3.0 and 1.1%, respectively (authors' unpubl. results), and because BP is generally well correlated with organic matter content in a wide range of marine sediments (Sander & Kalff 1993) . This correlation is also generally affected by the availability of easily degradable sources of organic carbon (Thingstad 2000) . In this study, even though the percentage of labile organic matter was not measured at the 2 sampling sites, the results indicated that the granulometric gradient was a poor predictor of BP, and that BP was probably controlled by temperature rather than by organic matter concentration.
Role of bacteria in annual benthic community production: a sustainable bacterial development
With regard to the amount of carbon processed by the heterotrophic community on an annual scale (i.e. the quantity of carbon produced by macrofauna, meiofauna and bacteria + the quantity of carbon respired by the community), the amount of carbon allocated to production varied significantly between the 2 sampling sites (on average, CGE a = 51 and 79% at Stns A and C, respectively, Table 2 ). In a previous study, showed that the net ecosystem primary production (NEP a ) differed radically between these sampling sites, being highly heterotrophic at Stn A (-22.5 g C m -2 yr -1
) and poorly autotrophic at Stn C (+ 2.4 g C m -2 yr -1
). It is thus supposed that at the ecosystem level, the net balance between primary production and community respiration is influenced by the allocation of carbon into anabolic and catabolic pathways by the heterotrophic community. The role of bacterial communities in this partitioning was tested in the present study.
As described above, BP did not differ significantly between Stns A and C. However, its contribution to the bulk benthic community production (CP a ) was less important at Stn A than at Stn C (on average, 36 and 61% respectively). Concerning bacterial respiration, it was not possible to measure the fraction of BCR that could be attributed to bacteria. However, we can assume that this fraction is important because (1) the contribution of bacterial respiration to the bulk benthic community respiration is generally considered to be significant when compared to their relative low biomass (Dye 1981 , van Es 1982 , Schwinghamer et al. 1986 , Piepenburg et al. 1995 , and (2) the role of the bacterial compartment in community respiration in Roscoff Aber Bay was highlighted by . Moreover, the BGE is generally low in marine ecosystems and, on average, is close to 30% in the water column of estuaries (del Giorgio & Cole 2000) . This value is close to the lowest BGE a calculated at Stn A (i.e. 31%, corresponding to a BR a representing 80% of BCR a ). If we assume that there is no difference in the distribution of carbon into anabolic and catabolic pathways between the pelagic and benthic compartments, then bacterial respiration should represent the majority of the community respiration.
At Stn C, if we consider that BR a represented between 20 and 80% of BCR a , then BGE a ranged between 75 and 92%, which corresponded to very high values of BGE. This indicated that at Stn C, the majority of the carbon processed during 1 yr was allocated to the production of new cells. Some uncertainties regarding BGE a are associated with the techniques used in this study: (1) the annual BP was probably underestimated because some anaerobic bacteria (which are likely important in intertidal sediments) do not incorporate extracellular thymidine (Tuominen 1995 and references therein) , and (2) the annual community respiration was likely underestimated because respiration was measured during low tide and integrated over 24 h, even though it is thought to increase slightly during immersion (Cook et al. 2004) .
Nevertheless, despite these uncertainties and although the estimated BGE a was variable (coefficient of variation represented up to 43 and 11% at Stns A and C, respectively), the difference between the 2 sampling sites was significant (Mann-Whitney U-test, p < 0.01) regardless of the percentage of the BCR a used to estimate the bacterial respiration. The BGE a thus increased with increasing median grain size. This indicates that there was a significant difference in the allocation of resource by the bacterial community between Stns A and C.
Although carbon was probably non-limiting, bacterial respiration is probably favoured in sediments in which the concentration of this substrate is non-limiting. Inversely, the production of new cells is probably preferred when carbon concentration is lower, sustaining the development of the community on an annual scale. This hypothesis contradicts the general view that, despite its great variability, BGE increases from the open ocean to estuaries (i.e. from ~15 to 30%, del Giorgio & Cole 1998 , but it is supported by recent measurements taken from a Wimereux sandy beach (Hubas et al. 2007 ), assuming that BGE decreases when the sediment is subjected to an input of organic matter.
CONCLUSIONS
This study suggests that, on an annual scale, BP in the intertidal soft sediment of Roscoff Aber Bay is probably controlled by temperature changes rather than by changes in organic matter concentration. Moreover, when taking into account the production of most of the sediment fauna, annual BP could represent up to 69% of the total annual secondary production, emphasizing the role of the bacterial compartment in the carbon flow of marine intertidal sediments.
The comparison between 2 sites of different trophic status located at either end of a strong environmental gradient showed that BGE a increased with increasing median grain size, indicating that there is a significant difference in the allocation of carbon by the bacterial community between the 2 stations. We hypothesized that, in intertidal sediments, the production of new cells is favoured when the concentration of organic matter is lower, sustaining the development of the community on an annual scale. This hypothesis could be tested with additional measurements and experiments conducted at other sampling sites that encompass a large granulometric gradient.
Stn A presented the most heterotrophic carbon budget and was also characterized by the lowest BGE a . Because bacterial respiration is likely responsible for the majority of the community respiration, it is supposed that this heterotrophy is mainly supported by the capacity of bacterial communities to shift between anabolic and catabolic pathways.
